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1. INTRODUCTION 

The purpose of t h i s  contract w a s  t o  develop and fabr ica te  a small: 

purely e l ec t ros t a t i c  electron s t r i p  mult ipl ier  f o r  use i n  s m a l l  image 

dissector  tubes designed f o r  space navigation systems. 

For the  proposed application an electron mul t ip l ie r  one inch i n  

length and with a gain of 10 was required. 
6 

The multiplication process can be described b r i e f ly  as follows: The 

mult ipl ier  s t r i p  i s  mounted at  an angle t o  the  equipotential  l i n e s  i n  a 

p a r a l l e l  f i e l d .  (Figure 1). Primary electrons from a photoemissive cathode 

or a thermally excited source are  directed a t  the negative end of the  

mul t ip l ie r  s t r i p .  The secondary electrons,  released from the s t r i p  by the 

primaries, follow parabolic paths and land a t  a more posi t ive point of 

t he  s t r i p .  The secondary emission cycle is then repeated. 

Theoretical analysis of the secondary electron t r a j ec to r i e s  indicated 

t h a t  the angle of t he  s t r i p  with the normal t o  the  f i e l d  should be close 

t o  20'. This was confirmed i n  the  experiments. 

The materials used f o r  multiplier s t r i p s ,  besides having the  necessary 

r e s i s t i v e  and secondary emissive charac te r i s t ics  had t o  be s t ab le  i n  the  

presence of t he  a l k a l i  elements commonly used i n  photoemissive devices. 

It was found i n  l imited experiments t h a t  the resistance of gallium 

arsenide plates ,  cut from single c rys ta l s ,  was i n  the  desired range but no 

mult ipl icat ion could be obtained from e i t h e r  the  p la in  or magnesium oxide 

coated p la tes .  Thin films of t i n  oxide, nichrome, and s i l i con  on l i m e  

soda glass s l i des  with or without coatings of good secondary emitters,  

w e r e  evaluated. O f  these, plain evaporated s i l i c o n  with an overal l  r e s i s -  

t a m e  of 10 t o  10 ohms provedto  be the  most successful.  The high value 8 9 
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of resis tance w a s  necessary i n  order t o  minimize the  power d iss ipa t ion  

and the  resul tant  joule heating of the s t r i p .  The m a x i m u m  gain obtained 

from evaporated s i l i c o n  s t r i p  was approximately 10 . 5 
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2. THEORFTI CAL CALCULATIONS 

The following discussion includes equations and calculations which 

were developed f o r  the  s t r i p  multiplier t o  determine t h e  approximate 

s t r i p  slope and number of loops required t o  obtain a su i tab le  overal l  

gain with a selected voltage gradient. 

b r i e f ly  outlines the  geometry of the  s t r i p  mult ipl ier .  

Figure 1 is  a sketch, which 

I n  the  development of the equations, cer ta in  assumptions were made 

t o  reduce the  complexity of the theore t ica l  treatment. 

assumed t h a t  the  i n i t i a l  velocity of electrons i n  the  direct ion normal 

t o  the  condenser p la tes  i s  zero i n  calculations of average electron 

velocity.  This assumption i s  reasonable, because the  actual  i n i t i a l  

velocity i s  small compared w i t h  t h e  f inal  veloci ty  resul t ing from the  

acceleration between plates .  

leaving the  s t r i p  i n  a direction p a r a l l e l  t o  t h e  plates ,  i .e . ,  a t  an angle 

( W ) with respect t o  t h e  s t r ip ,  are  considered i n  determining the  loop 

length. Since is  a re la t ive ly  large angle, the  number of electrons 

emitted a t /o r  close t o  

emission normal t o  t h e  s t r i p  surface. 

be a close approximation of the average loop length. 

It i s  first 

This means t h a t  only those secondary electrons 

should be a high percentage of t he  maximum 

Hence, t he  r e su l t  should prove t o  

Second, it i s  assumed that the  i n i t i a l  veloci ty  i n  the direct ion 

p a r a l l e l  t o  t h e  p la tes  i s  equal t o  one electron vol t .  Since the  emission 

ve loc i t ies  essent ia l ly  follow a maxwellian dis t r ibut ion,  other veloci t ies  

could be considered, but would provide no s igni f icant ly  bet ter  approximation 

f o r  t h e  average electron t ra jectory.  

Although t h e  above assumptions are made, it should be pointed out t h a t  

var ia t ions i n  loop length w i l l  occur as a result of the  various electron 

emission angles and veloci t ies .  

3 
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Let  us consider t r a j ec to r i e s  of electrons accelerated normally 

between two p a r a l l e l  condenser p la tes  i n  a uniform e l ec t ros t a t i c  

f i e l d .  The f i n a l  energy of the electron i s  given by: 

E = 1/2 mvf2 = e v t o t a l  

where 

E = Final  electron energy (ergs)  

m = Electron mass = 9.1 x 10 grams 

Vf = Final electron velocity (cm/sec . ) 

-28 

e = Electronic charge (coulombs) 

V t o t a l  = Voltage between p la tes  (volts) 

7 f = 1 x 10 ergs/joule 

Hence, the  f i n a l  velocity i s  found t o  be 

8 
where e = 1.759 x 10 coulombs 

1/2 v f = i 2 f e  v t o t a q  

Since it i s  assumed t h a t  the i n i t i a l  velocity normal z.0 the p la tes  is  

zero, the average velocity of these electrons i s  given by 

The average velocity can a l so  be expressed as v = S where S i s  
va - t 

the  distance t rave l led .  

Hence, t he  time of flight of t h e  e lectron between the  p l a t e s  can be 

wr i t ten  as  

Vf V av 
1 m 

4 



Now l e t  us consider electrons emitted i n  a direct ion p a r a l l e l  t o  

t h e  p la tes .  Since there  i s  no f i e l d  component i n  t h i s  direction, no 

acceleration takes place and the average veloci ty  i s  equal t o  the  

i n i t i a l  velocity.  This direction w i l l  be referred t o  as the  "r" 

direct ion.  The distance 

i s  given by: 

r = v t  

where vr is the  electron 

t i m e  of flight discussed 

r 

traversed by an electron i n  t h e  "r" di rec t ion  

velocity i n  the  ' 5 ' '  d i rect ion and t is  the  

above. This veloci ty  can be expressed as 

\ 112 vr = 2Er 

(a; 1 
where Er is  the  energy of the  electrons emitted i n  the  "r" direct ion.  

Figure 1 shows t h a t  t he  loop length o r  t he  distance between loop 

nodes along the  s t r i p  is  defined by the  vector sum of the "r" and "s" 

distances t rave l led  during the  t i m e  of f l i g h t  ( t ) .  The loop length i s  

given by: 

-1 
where o( = t a n  S 

r 
- 

and S = L  
N 
- 

where L is  the  perpendicular distance between p l a t e s  and N i s  the  e f fec t ive  

number of mul t ip l ie r  stages.  

The ef fec t ive  stage voltage can be wri t ten as: 

V = V t o t a l  = - S 
N L 

V t o t a l  

5 
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Since the overal l  gain ( G )  can be wri t ten as a function of the  

s tage gain, i . e . ,  

the stage gain required t o  obtain an overal l  gain G can be determined 

from the  equation 

With the  equations given i n  the  preceding paragraphs, loop length 

and s t r i p  angle approximations can be calculated as follows: 

Assuming t h a t  L, t he  

G, t he  

V, t he  

V s ,  the  

( E J ,  the  

distance between p l a t e s  = 2.5 cm, 

overal l  gain = 1 x 10 

overal l  voltage = 1600 vol t s  

stage voltage = 32 vol t s  

ene rw of e lectrons emitted i n  the  "r" direct ion = 

6 

- 12 
1 electron volt = 1.6 x 10 

The number of stages ( N )  i s  then given by 

ergs 

N = 1 = 1600 = 50 stages 
vs 32 

6 The secondary emission r a t io  required t o  obtain a gain of 1 x 10 

with 50 stages of amplification is  calculated as 

3 -1.13 
This secondary emission y ie ld  should be obtainable from both cesium antimony 

and magnesium oxide secondary emission surfaces a t  the stage voltage indicated.  

6 



Since w e  have set t h e  number of stages a t  50 and the  t o t a l  

distance between p la tes  a t  2.5 cm the distance (S) indicated i n  

Figure 1 can be caluclated by 

-2 
S = L  - = 2 . 5  - = 5 x 1 0  cm 

N 50 

where S is  t h e  component of the electron t ra jec tory  noma1 t o  t h e  

condensor plates ,  associated with one stage of amplification or  one 

loop. 

Knowing S and Vs t he  time of f l i g h t  f o r  the electron t o  form one 

- - 2  loop can be obtained by 
-112 

-2 8 
= 2 x 5 x 10 (2  x 1.759 x 32 x 10 x 107 

= 2s ('tVS) 
-10 t IC 3 x 10 see. 

Using the equation 

- 12 
and se t t i ng  E r  = 1.6 x 10 ergs, 

t h e  veloci ty  of t he  electrons i n  a direct ion pa ra l l e l  t o  t he  condensor p la tes  

can be calculated as follows: 

2 x 1.6 x i o  -12) 5.92 x 10 7 cm/sec 
v r  =( 9.1 x i o  -2u 

and t h e  distance ( r )  can be obtained by 

r 
7 - -2 

x 3 x 10 "1. 1.78 x 10 

The s t r i p  slope can now be determined by the  equation 

r = v t = 5.92 x 10 s m  

2.82 -2 
t a n 4  = s  - = 5 x 1 0  

r 1.78 x lo-* 

o< = 70.5" 



#-- 

and the loop length (B)  i s  calculated as 
-2 B = S  = 5 x 1 0  

.943 s in% 

B -5.3 x l oe2  em 

The t o t a l  s t r i p  length (b)  is given by 

= 2.5 = 2.65 cm - b = L  - 
s inW .943 

The values obtained above should be close approximations t o  the 

ac tua l  s t r i p  performance, but it should be pointed out t ha t  the peak 

charac te r i s t ics  can only be determined experimentally. 
b 

Although the required gain of 10 was not achieved, the eqeriments ,  

conducted i n  t h i s  investigation demonstrated the  f e a s i b i l i t y  of using the  

s t r i p  mult ipl ier  i n  photoemissive tubes. 

Materials l imitat ions and the  necessity of using high accelerating 

voltages much i n  excess of 1600v prevented the rea l iza t ion  of the required gain. 
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3. T3ESISTIVE STRIP DEVEIX)PMENT 

One object of t h i s  contract w a s  t o  develop r e s i s t i ve  electron 

mul t ip l ie r  s t r i p s ,  exhibiting secondary emission properties and s t ab le  

res is tance i n  the  range of 10 ohms. 
8 

I n  t h e  process of res i s t ive  s t r i p  development several  approaches, 

employing various r e s i s t i v e  and secondary emissive materials, were 

considered. 

During the  i n i t i a l  experiments, the  poss ib i l i t y  of using magnesium 

oxide, a good secondary emitter, f o r  the  s t r i p  mul t ip l ie r  surface, w a s  

investigated . 
Films of magnesium oxide and s i l v e r  doped magnesium oxide on soda 

l i m e  g lass  were made and t h e i r  r e s i s t i v e  properties evaluated. The re- 

s i s tance  of these f i l m s  proved t o  be too  high f o r  t h e  proposed application. 

Soda l i m e  g lass  w a s  se lected for  the  experiments since it w a s  necessary t o  

avoid the  use of glasses containing lead as these react  with t h e  a lka l i  

elements which would be used i n  devices u t i l i z i n g  the  mult ipl ier .  Vacuum 

deposited nichrome w a s  t r i e d  next f o r  r e s i s t i ve  s t r i p  application. 

Continuous nichrome f i l m s  with an opt ica l  transmission of 80% had a 

resis tance of only 3 x 10 ohms. 5 Since such a t h i n  l aye r  could not carry 

the high conduction current without overheating and ultimate breakdown a 

"ladder" configuration of nicrhome f i l m  w a s  adapted as shown i n  Figure 2. 

This type of r e s i s t i ve  f i l m  s t r i p  with cesium antimony secondary emissive 

layer  w a s  used i n  first four experimental devices. 

The i n i t i a l  res is tance of the first batch of "ladderr1 type nichrome 

6 
films of about 8 x 10 ohms w a s  too low f o r  use i n  the  s t r i p  mul t ip l ie r  devices 

Y 



although one of them w a s  used i n  the f i r s t  experimental tube. 

Further work on "ladder" type nichrome films resul ted i n  r e s i s t i ve  

s t r i p s  with m a x i m u m  resistance, varying between 50 and 90 megohms. 

However, these f i l m s  were unable t o  withstand voltages necessary t o  

a t t a i n  the required gain. 

In search f o r  other applicable r e s i s t i ve  s t r i p  materials experiments 

were conducted t o  evaluate nesa and s i l i con  f i l m s .  Nesa f i l m s  of t he  

required resis tance (10 ohms) did not appear t o  form a continuous layer  

and i n  addition the  voltage current re la t ionship of the  films was non 

l inea r .  I n  view of these undesirable charac te r i s t ics  and the i n s t a b i l i t y  

of nesa i n  the  presence of the a l k a l i  elements t h i s  approach w a s  abandoned. 

a 

Vacuum deposition of pure s i l i c o n  on glass s l ides  yielded f i l m s  which 

exhibited s t ab le  resistance at voltages up t o  4 ki lovol t s  both i n  vacuum 

and i n  a i r .  With these, pract ical ly  any desired value of resistance w a s  

obtained i n  the  range from 10 t o  lo9 ohms, by careful  control of deposition 

r a t e ,  temperature of the substrate and pressure. Of all the  materials 

investigated, evaporated s i l icon f i l m s  proved t o  be most su i tab le  f o r  

mult ipl ier  st r i p  application. 

3 

The poss ib i l i t y  of using s t r i p s  of so l id  s i l i c o n  and gallium arsenide 

w a s  considered. Although some of the  samples exhibited su i tab le  resistance 

charac te r i s t ics ,  the  secondary emission, from both uncoated and magnesium 

oxide coated s t r i p s ,  w a s  very low.  

10 



4. E X P E R m A L  TUBE DEVELOPMENT 

I n i t i a l l y  it w a s  intended t h a t  an e l ec t ros t a t i ca l ly  focussed 

electron gun would be used as the  source of primary electrons i n  s t r i p  

mul t ip l ie r  experiments. However, the d i f f i c u l t i e s  encountered i n  

control l ing the  extremely s m a l l  currents prompted the  development of 

experimental tubes using photoemissive cathodes f o r  the  electron source. 

I n  these, it was possible to produce a low density s m a l l  cross sect ion 

, 

beam of electrons with which t o  evaluate the  electron mult ipl ier  design 

and s t r i p  charac te r i s t ics ,  

This approach a l so  ensured t h a t  the s t r i p s  were exposed t o  s imilar  

environmental conditions t o  those which would occur i n  t h e i r  ultimate 

use. 

The experimental device was designed around the  image section of t he  

CBS Type CL 1147 Image Dissector. 

t h e  posi t ion of the  electronic spot a t  t he  negative end of the  mult ipl ier  

s t r i p ,  which was placed direct ly  below the  aperture,  could be controlled 

by physical displacement of  an opt ica l  image a t  the  photocathode. The 

a rea  on which primary electrons could land on the  mult ipl ier  was determined 

by an aperture 0.030 by 0.140", the  major axis of which was p a r a l l e l  t c  the  

plane of the mult ipl ier  s t r i p .  Figure 3 i s  a schematic of the  design. 

N o  def lect ion system was included since 

Some of the  devices were made so  t h a t  the  angle which the s t r i p  made 

with the e l e c t r i c  f i e l d  could be varied. This enabled rapid confirmation 

of t he  angle a t  which m a x i m u m  gain occurred. 

The i n i t i a l  design proved unsatisfactory owing t o  leakage between the  

f i e l d  shaping electrodes being i n  the same order as  t h e  s t r i p  mult ipl ier  

11 



currents .  I n  addition tes t  measurements indicated t h a t  electrons from 

the  s t r i p  were being collected by t h e  f i e l d  shaping electrodes.  

of t he  co l lec tor  support eliminated these problems. 

During the  tube experiments several  changes were made i n  the  f i e l d  

Redesign 

shaping electrode configuration i n  order t o  study t h e i r  e f f ec t  o r  gain 

since the  optimum theore t ica l  approach had t o  be compromised i n  t h e  

mechanical design. The changes included using a mul t ip l ic i ty  of shaping 

electrodes,  using the  high potent ia l  f i e l d  shaping electrode as the co l lec tor  

and changes i n  the r e l a t ive  posit ion of the  mu.ltiplier s t r i p  within the  

e l e c t r i c  f i e l d .  

12 
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5. EXPERIMENTAL TUBE: TEST AND DISCUSSION 
6 

The design objective was t o  obtain a minimum gain of 10 a t  

m a x i m u m  po ten t ia l  of 1600 volts applied t o  the  mul t ip l ie r  s t r i p .  

A l l  the  experimental s t r i p  mult ipl ier  tubes were t e s t ed  with the 

image sect ion energized as shown i n  FigLire 3. The co l lec tor  po ten t ia l  

was set about 100 vol t s  posit ive with respect t o  the  bottom end of the  

s t r i p .  

The measured gain of the  f i r s t  s t r i p  mult ipl ier  tube, Se r i a l  No. 

6 0 7 ~  was low due t o  leakage paths between the tube elements. 

low nichrome f i l m  resistance (8 x 10 

high voltages which were necessary i n  order t o  obtain p rac t i ca l  gains. 

In addition 
6 

ohms) prevented the  application of 

Figure 4 shows the s t r i p  conduction current versus s t r i p  voltage 

curve. 

Figure 5 shows the  curves of gain versus s t r i p  voltage f o r  t h i s  tube. 

The gain curves of Figure 6 were obtained when re tes t ing  the  same 

tube a f t e r  cleaning up of leakage paths.  The s t r i p  resistance measured 

during the re tes t ing  varied from 50 t o  200 megohms depending on the  

applied voltage. 

measured when the  s t r i p  was a t  4" with respect t o  the  tubes axis  when the  

gr id  poten t ia l  w a s  near t h a t  of the  negative end of the  s t r i p .  

The m a x i m u m  gain upon r e t e s t  w a s  136,000. This was 

6 
In  tube Se r i a l  No. 6 1 0 ~  a nichrome f i l m  r e s i s t i ve  s t r i p  of 80 x 10 

ohms was used. The angle, tha t  the  s t r i p  was making with the axis  of the 

tube or  normal t o  the  condenser p la tes ,  w a s  f ixed a t  19.5". The t e s t  

data of t h i s  tube indicated that t h e  gr id  poten t ia l  had a s ign i f icant  

e f fec t  on the overal l  performance of the s t r i p  mult ipl ier .  Figure 7 shows 

a curve of gain versus multiplier s t r i p  voltage obtained by adjusting the  



gr id  voltage a t  each s t r i p  potent ia l  f o r  m a x i m u m  gain. Figures 6 and 

7 show t h a t  the  m a x i m u m  gain of tube number 610~ was almost ident ica l  

t o  t h a t  of tube 6 0 7 ~ ;  when the angle the  l a t t e r s  mult ipl ier  s t r i p  

made with the  tube axis was 20'. 

occurred a t  t he  same overal l  voltage, approximately 1400 vo l t s .  No 

fu r the r  increase of gain w a s  obtained by increasing the  s t r i p  voltage and 

The m a x i m u m  gain of both devices 

i n  f ac t ,  increasing the  voltage caused a decrease i n  gain. The precise  

reason for t h i s  f a l l  was not determined. Distortion of the e l e c t r i c  

f i e l d  which was maintained by re la t ive ly  remote electrodes or temporary 

loss of minute quant i t ies  of cesium due t o  joule heating of the  s t r i p  

a re  feas ib le  causes. 

Figure 8 i s  a schematic diagram of tube S e r i a l  No.  6 2 0 ~ .  The major 

design feature  of t h i s  tube was the mult iple  gr id  s t ruc ture  surrounding 

the  s t r i p .  The t e s t  results of t h i s  tube, again show the dependence of 

gain on e l e c t r i c  f i e l d  shaping by the  gr ids .  The low gain of t h i s  tube 

w a s  a t t r i bu ted  t o  the  poor secondary emissive charac te r i s t ics  of the 

pa r t i cu la r  s t r i p .  Further consideration of t h i s ,  subsequent f i e l d  p lo t s  

and b e l l  j a r  experiments indicated, t h a t  with the st .r ip mounted a t  19.5" 

with respect t o  the  equipotential l ines ,  the  desired f i e l d  configuration 

would be achieved. 

The measured gr id  currents did not show a de f in i t e  increase with the  

decrease of gain which indicates t h a t  there  w a s  no excessive co l lec t ion  of 

secondary electrons by the grid and t h a t  the shape and st rength of the  

e l e c t r i c  f i e l d  were the major fac tors  determining the  gain of the  tube. 

The resu l t ing  gain curves a re  shown i n  Figure 9 . 
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4%-- 

One tube was made employing a s i l i con  r e s i s t i ve  s t r i p .  This tube 

was not t e s t ed  due t o  the  8o$ decrease i n  mul t ip l ie r  s t r i p  resistance 

caused by tube processing. Other s i l i c o n  r e s i s t i ve  f i l m s ,  exposed t o  

standard tube processing i n  glass enclosures, exhibited s t ab le  character- 

i s t i c s  at up t o  3.5 ki lovol ts .  

The overal l  t e s t  data of s t r i p  mult ipl ier  tubes c lear ly  indicated the  

need f o r  detai led investigation of the  e l e c t r i c  f i e l d  configuration and 

i t s  e f f ec t  on the  performance of t he  mult ipl ier  s t r i p .  

The t e s t s  a l so  showed the necessity f o r  fu r the r  evaluation of r e s i s t i ve  

s t r i p  materials.  



6. PARALLELF1EI;DEXPERIMENTS 

To confirm the test r e s u l t s  of s t r i p  mult ipl ier  tubes an experiment 

was designed t o  evaluate the  performance of the mult ipl ier  s t r i p  i n  a 

prac t ica l ly  dis tor t ion-free pa ra l l e l  e l e c t r i c  f i e l d .  Figure 10 shows 

a schematic of t h e  electron ~ u n  and the mult ipl ier  s t r i p  assembly used 

i n  the experiment. 

The information obtained from t h i s  experiment consisted of: 

1. Multiplier s t r i p  gain charac te r i s t ics ,  as  a function of voltage, 

and angle of incl inat ion,  

2. e l e c t r i c a l  and physical properties of s t r i p  materials,  

3. the  potent ia ls  necessary f o r  a t ta in ing  prac t ica l  gains from the  

mul t ip l ie r  s t r i p ,  

4. the e f f ec t  of e l ec t r i c  f i e l d s  on the  gain of s t r i p  e lectron 

multipliers;  and 

5. confirmation of suspected electron loss t o  the  f i e ld  shaping 

electrodes.  

The greatest  gain w a s  obtained with a TOO megohm s i l i c o n  film on a 

Gain vs. applied voltage curves are  shown i n  Figures '  g lass  substrate.  

11 and 12. Figure 11 shows gain vs. s t r i p  mul t ip l ie r  voltage a t  f i ve  

d i f fe ren t  angles o( of s t r i p  inc l ina t ion  with the  v e r t i c a l  axis. A 

gain of 148,000 w a s  obtained when the  angle of the  s t r i p  made with the  

v e r t i c a l  axis was 20° - lo. 

potent ia l  of 3750 volts ,  which was the  m a x i m u m  po ten t ia l  used i n  t h i s  

experiment. 

+ 
This gain w a s  obtained with the s t r i p  

The curves indicate  that much higher voltages were needed t o  get the  

Since the res i s tance  temperature coeff ic ient  of s i l i con ,  required gain. 
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as shown i n  Figure 14, i s  negative the  power diss ipat ion of the s t r i p  

had t o  be kept below 50 milliwatts i n  order t o  prevent progressive 

decrease i n  s t r i p  res is tance and ultimate breakdown. Figure 14 shows the  

published " 2' 3resistance temperature curves f o r  bulk s i l i c o n  and a l so  

those f o r  evaporated s i l i c o n  films made under t h i s  program. 

Si l icon film s t r i p s  with resistance of 750 megohms were successfully 

made. These s t r i p s  were operated sa t i s f ac to r i ly ,  at  room temperature, with 

an overall  po ten t ia l  of 4000 vol ts .  

A s  shown by the  curves of gain versus angle (Figure 12 )  the  gain of 

t he  mult ipl ier  s t r i p  increased as the  angle was approaching 20°. 

as the angle became la rger  than 20°, a sharp drop i n  gain occurred. 

A s  soon 

As s t a t e d  i n  sect ion 3 of t h i s  report ,  the  m a x i m u m  gain of Tube No. 1 

w a s  obtained with t h e  s t r i p  angle at  4" with respect t o  tube axis. 

t h i s  occurred when the  g r id  electrode poten t ia l  w a s  close t o  t h a t  of the 

negative end of the  s t r i p .  Even when the gr id  was disconnected, t h i s  w a s  

so, because of the  high conductive path between negative end of the  s t r i p  

and the  gr ids .  

similar t o  t h a t  sketched i n  Figure 13, which shows t h a t  the angle of the 

s t r i p  made with the  normal t o  the f i e l d  was approximately 20". 

However, 

Therefore, i n  each case the f i e l d  shape would have been 

The angle f o r  maximum secondary y i e ld  i n  a p rac t i ca l ly  perfect  p a r a l l e l  

e l e c t r i c  f i e l d  f o r  a constant energy of primary electrons appears t o  be 

about 20°. 

This agrees substant ia l ly  with the assumptions made i n  the  theore t ica l  

c a lcu la t  i ons . 
N o  s ign i f icant  gains were obtained from magnesium oxide coated s i l i c o n  

and gallium arsenide r e s i s t i ve  s t r ip s ;  however, Figures 15 and 16 do show 



t h a t  t he  20° angle of the  multiplier s t r i p s  yielded highest gains. 

The low gain of both s t r ip s  might be a t t r i bu ted  t o  low secondary 

y i e ld  of magnesium oxide due t o  possible contamination of the  oxide 

layer .  

No gain w a s  obtained with a p l a in  gallium arsenide r e s i s t i ve  s t r i p .  

In  order t o  substantiate the  suspected loss  of electrons from the  

edge of t he  s t r i p  t o  the  grids, gains of one inch and 1/2 inch portions 

of t h e  same mult ipl ier  s t r i p  w e r e  measured. 

electrons t o  the  f i e l d  shaping gr ids  with the voltage gradient the same 

i n  each case, t he  gain.of the one inch long s t r i p  would have been equal 

t o  t h e  square of the  gain of the one-half inch long s t r i p .  However, t he  

gain of the  longer s t r i p  w a s  o n l y  double (1730 compared with 860) t h a t  

of t he  shorter  s t r i p .  

If there  w a s  no loss of 

Additional confirmation, t ha t  secondary electrons were being col lected 

by the  f i e l d  shaping electrodes, w a s  obtained by operating the  1" long and 

the  1/2 inch long s t r i p s  a t  the same overal l  voltage. 

the gain of the  shor te r  s t r i p  w a s  greater  than t h a t  of t he  longer. 

compared with 456). If there  was no l o s s  of e lectrons t o  the  f i e l d  shaping 

gr ids  the  gain would have been the  same i n  each case. 

Under these conditions 

(800 

The loss of secondary electrons t o  the  gr ids  can be a t t r ibu ted  t o  t h e i r  

i n i t i a l  energy d is t r ibu t ion  and t h e i r  direct ion of emission from the  multi- 

p l i e r  surface. 

of electrons as it progresses along the  mul t ip l ie r  s t r i p .  

e lectron "beam" becomes as wide as the s t r i p  i tself  a ce r t a in  proportion of 

the  electrons emitted from points near the  edge follow t r a j ec to r i e s  which 

These fac tors  result i n  t h e  spreading of t he  cascading "beam' 

When the  spreading 
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terminate on the  surfaces of the f i e l d  shaping electrodes. To some 

extent t h i s  l o s s  can be eliminated by using a "bell" shaped f i e ld ;  

however, if the mult ipl ier  s t r i p  has t o  be long i n  order t o  get the  

required gain, the multiplicity of electrodes necessary t o  provide the  

" b e l l '  shaped f i e l d  would eliminate the  advantages of the s t r i p  multi- 

p l i e r s  simplicity.  

A second solution would be t o  widen the mult ipl ier  s t r i p  and provide 

the  mul t ip l ic i ty  of electrodes, with which t o  maintain a p a r a l l e l  e l e c t r i c  

f i e l d  within an operational device. Again, the  complexity and s i z e  of a 

s t r i p  mult ipl ier  made t o  give the  reqcired gain would be greater  than t h a t  

of conventional multiplication devices. 

The peak gain of the  s t r i p  i n  the "bell" shaped f i e l d  was higher 

than t h a t  obtained with 1/2 and one inch s t r i p s ,  at  the  same voltage, i n  

the  p a r a l l e l  f i e l d  indicating smaller loss of electrons t o  the g r id  i n  

the  "bell" shaped f i e ld .  



7.  CONCLUSIONS 

The f e a s i b i l i t y  of making a s t r i p  e lectron mul t ip l ie r  w a s  

demonstrated. However, it is evident t h a t  serious l imitat ions do exist 

which prevent t he  manufacture of a small, high gain s t r i p  mul t ip l ie r  

which can handle r e l a t ive ly  high input currents4 For example, the  l i g h t  

f lux  from the  Star canopus, focussed i n t o  a 10 l m e n  spot,  impinging 
-a 

on a 40 microampere pe r  lumen photocathode would produce an input current 
-13 6 

of 4 x 10 amperes and i f  the s t r i p  gain i s  10 , an output current of 

4 x IO-'' amperes. 

A s m a l l  device with a simple electrode configuration w a s  made. The 

maximum gain of t h i s ,  with the electrode potenkials adjusted t o  give a 

' 'bell" shaped f i e l d  w a s  i n  the order of 10 . The f e a s i b i l i t y  of t he  
5 

approach w a s  demonstrated fur ther  during the p a r a l l e l  f i e l d  experiments, 

however, it w a s  found t h a t  material l imitat ions do not allow the  con- 

s t ruc t ion  of a s m a l l  device which w i l l  have su f f i c i en t  gain and current 

output capabi l i ty .  The same l imitat ions w i l l  apply equally t o  s ingle  

channel and multichannel tubular e lectron mult ipl iers  based on similar 

theore t ica l  approaches. 

It is  concluded t h a t  a strip mult ipl ier  could be made t o  perform the  
7 

functions of t he  conventional, focussed type electron multiplier, ;  now being 

used i n  the  Canopus star tracking system image dissectors.  However, a 

p rac t i ca l  device which would f u l f i l l  these functioris would i n  a l l  

probabi l i ty  be l a rge r  and more complex than the  conventional mult ipl iers  

presently used. For these reasons it is  recommended t h a t  fu r the r  e f f o r t  

be directed towards the  design and development of miniaturized electron 

mult ipl iers  using conventional secondary emissive surfaces and electrodes.  
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